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Ballistics Research Report 42

BALLISTICS RANGE FIRINGS FOR DETERMINATION OF DRAG AND STABILITY
OF MODELS OF FIVE POLARIS CONPIGURATIONS

Prepared by:
Z2igurds J. Levensteins

ABSTRACT: Drag and stabllity characteristics of models of five
POLARIS re-entry body configurations were determined, The
variable parameter for these configurations was the bluntness
ratio of the nose, The investigation was conducted at Mach
numbers between two and six, The boundary layer flow over the
surface of the models was turbulent., It was found that the
slope of the normal force coefficient is smaller the blunter the
nose of the model., A maximum in static stability of the models
was observed between Mach numbers two and three, The dynamic
stability coefficients were found toc be astablilizing,

U. S. NAVAL ORDNANCE LABORATORY
WHITE OAK, MARYLAND
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This report presents results determined by free-flight model
firings in the NOL Pressurized Ballistics Range No. 3 and by
standard balllistics range data reduction technliques.

The work reported hereln was requested by Lockheed Missiles
and Space Divisien for support in POLARIS Fleet Ballistic
Misslile development, The wor< was sponsored by the re-entry
body section of the Speclal Projects Office, Bureau of Naval
weapons, under task assignment NCL=-335.

The author expresses gratlitude tc Mr, John J. Brady for
enlightening comments and 4discussicns on the subject of data
reduction techniques, to Mlss amy A, Chamberlin feor efflclent
reduction of the data and to members of the Ballistic Design
and Operations Division operating the balllstics ranges for
suggeations in designing th: modeis and thelr sabots and for
efficlent executicn of the mocdel launchings.

W, D. COLEMAN
Captain, USN
Commander
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SYMBOLS
diameter of the cylindrical body of the model
(d = 1 caliber)
radius of the cylindrical body of the model
overall length of the model
length of the ellipsoidal nose of the model
bluntness ratio of the nose of tho‘lodel

distance from the center of gravity to the tip
of the nose of the model

cross-sectional) area of the cylindrical body of
the model = ﬂf&

mass of the model

transverse moment of inertia of the model

reference Mach number, or aerocba.listic moment
acting on =model

reference velocity of tne model

alr density in the range

Reynolds number based on body diameter
complex angla of attack, o, . .=,

time rate of change of angle of attack
transverse angular velocity of the model

—_—

2 o
pean squared yaw é—;;%od; where n is the
number of measurements made

drag coefficient = drag force
%.?V‘S
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SYMBOLS

slope of normal force coefficient = nosmal gorce
o« /2 oVES

slope of static moment ccefficlent = My
~ AR
athbd
distance between tlp of nose of the model and
point of application of normal force = ‘_mg + X
c.G
Net
dynamic stability coefficlent =
Mqq Ma &
ad ) VS 5d p eV Sd
\ V

-

2.

s 2
(%g) +(Y)=1, nose contour of Ny,

bluntness ratio %,=05

siope of static moment with respect to angle
of attack

slope of damping moment with respect to time rate
of change of angle of attack

slope of damping moment with respect to transverse
angular veloclity of model
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BALLISTICS RANGE FIRINGS FOR DETERMINATION OF DRAG AND STABILITY
OF MODELS OF FIVE POLARIS CONFIGURATIONS

INTRODUCTION

1, In order to aid in developing the aerodynamic characteristics
of the re-entry body of the POLARIS Fleet Balllstic Missile, the
Lockheed Miasiles and Space Division requested the NOL Ballistics
Department to perform a series of firings in its balltstics
ranges with models of posaible POLARIS re-entry bady configura-
tions, It was requssted that from these fiFings dFgg; and static
and dynamic stability characteristics of the models be deter-
mined at Mach numbers two, four, and six, and at such Reynolds
numbers that would make the boundary layer flow over the surface
of the models turbulent,

MODEL AND TEST DESCRIPTION

2. The general re-entry body configuration proposed for this
investigation ~as a body of revolution made up of an ellipscidal
nose, cylindrical body, and frustum of a cone gkirt., The para=-
meter to be varied was the bluntness ratio of the nose, {/r ,

the ratioc of the semli-minor and semi-major axis of the ellipsoid.
The designatlion c¢f the various sections making up the re-entry
body was adopted {rom LMSD and was as follows: N for the nose
section, B for the body section, and S for the skirt sectlon,
all with numerical subscripts for distinguisning particular
configurations, The body and skirt configuration used in the
entire investigation was Bls§ which was Joined to five noses:

Nl, N5} Nlo) N3, &nd Nq Of' b Untness PatiOS 005) 002; 004, 0061

ana 0,8, respectively. The nose configuration N, was an excep=-
tion in that it was not eﬁactly gllipsoidal, but its contour
followed the equation (%) + (¥ri'= . Also, at the time the

N1 had been designated the design nose, and for that reason more
lnvestigation was performed with it than with the other nose
configurations, Measured from the tip of the nose each NBS
configuration had a different reference center of gravity
location, XCG Ref, ' The five configurations of re-entry body

models used 1n this investigation are 1llustrated in Figure 1,

3. The designing and manufacturing of the models for proper
center of gravity location and for sufficlent structural strength
to withstand the launching acceleration loads were performed by
the Naval Ordnance Laboratory. One=-inch body diameter models

1
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were used for the M = 2 firings, while for the higher velocity
launchings at M = 4 and 6 a 0.5 inch body diameter model was

used. The 0.5 inch body diamster models for all five configurations
are illustrated in Figure 2. 1In Table I are listed the measured
quantities of the pertinent physical characteristics of all models
fired,

4. All model firings for this investigation were performed in

the Pressurized Balllsticas Range No, 3. A general view of the
range is shown in Pigure 3. The main reason for choosing this
range was the capabllity of adjusting the air pressure in it, thus
forming the proper medium for meeting the Reynolds number require-
menta, The range and its capabilities are deacribed in detail in
reference (a), All model launchings were made from a high
velocity 40-mm powder gun.

AERODYNAMIC COEFFICIENTS

5., The information obtained from these firings was reduced to

the form of usable aerodynamic coefficlents by the usual ballis-
tics range data reduction technique. Both magnitude and direc-
tion of the aerodynamic forces and moments acting on the model
were inferred from measuring the location of the center of gravity
and angular orientation of the model at a number of observation
stations along the range. In Figure & representative plots of

the yawing motions of models are illustiated. Each numbered point
on the ocontinuous trace represgents an observation station. The
basic characteristics of all of these motions are the same, The
markedly different appearance of the traces, representing the
flight history of the angular orientations of the models, 1s due
to different magnitudes of the starting values of the angular
orientation and rate of change of the angular orientation, These
quantities were not controlled in the test firings., The ballis-
tics range data reduction technique is described in detall in
reference (b).

€. The numerical results obtained by methods described in
paragraph 5 are tabulated in Table II.

Drag Coefficlent

7. The drag coefficients (C. as a function of Mach number) are
presented in Figure 5. The Boefficients are based on the cross-
sectional area of the cylindrical body. As mentioned previously
1. paragraph 2, the configuration N Bls was investigated more
extensively than the other four, F&r ctmpleteness, some drag
coefficients for N3BiS; obtalned from another testing program in
NOL ballistics ranges gt transonic velocities were included in the
graph.
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8. Inspection of results revealed that the drag coefficients
do not depend on the angle of attack* in the range of Mach
numbers and angles of attack investigated (mean squared yaw &
up to about 140 degrees squared). This conclusion was also
drawn in reference (c) where information from several experi-
mental sources has been compiled,

9. The effect of the nose bluntness ratio €/r on the drag
coefficient is shown in Figure 6, For the bluntness ratios
investigated this relationship appears to be almost linesr,

e ....Slope of Normal Force Cosffisisnt

L,

10, where it was possible the slopes of the normal force
coefficients were corrected for angle of attack effect by
assuming & linear relationsgip between this parameter (Cn_)
and the mean squared vaw & <. The slopes of the normal ygrce
coefficient corrected to zero yaw CNQ as a function of Mach

(-]

numpber are plotted in Fiyure 7, A rather great scatter in the
results can be observed, especially around Mach number 2,

11. By plotting the slopes cf the normal force coefficient
versus the bluntness ratic of the nose, {%t was found that the
slope ¢ the normal ferce ccefficient 1s smaller the blunter
the rsse of tne model, 7This is illustrated in Figure 8. Fur-
thermore, the relationship, for the bluntness ratiocs and Mach
numbers covered 1in this investigation, is nearly linear.

Slope of Static Moment Coefficient

12. By emplcoying the slopes of normal force coefficient CNa’
determined in this investigation, the magnitudes of the
icpes of static moment ceefficient CMc‘were adjusted to the

specifiec reference center of gravity locations, Because the
s.opes of the ncormal force coefficlent were generally less
accurately determined than the slopes of the static moment
coefficient, the accuracy of the latter alsoc decreased,

13, The effect of angle cof attack on the slopes of the static
moment ccefficient wherever possible gas removed by assuming a
!inear relationship between Cy, and &%,

*In ballistics range practice, the squarg of the angle of
attack is assumed to be represented by 8 - the mean squared
yaw~. For complete appraisal of the conditicns, however, it
should only be considered in conjunction with the plots of the
yawing motions of the models described in paragraph 5,

3
CONFIDENTIAL



<+ e = el

A e 4 —— s T

CONFIDENTIAL
NOLTR 61-35

14, The graphs in Figure 9 illustrate the dependency of the
slopes of atatic moment coefficient on the Mach number., The
dashed portions of the curves were drawn by utilizing informa~
tion from reference (c¢) and by assuming that, since the essen-
tial characteristics of all five configurations were the same,
the general form of the curves should also be the same, Inspec-
tion of these results shows that models of all five re-entry
bedy configurations in this investigation were statically stable,
howeveré a decrease in static stablility occurred around Mach
number 2.

e fanser of Prassure of Nermal Roros

15, The ocenter of pressure of the normal force was determined
by dividing the slope of the static moment coefficient c"a by

the slope of the normal force coefficient CNQ- Since the magni-
tude of Cy increased monotcnically with decreasing Mach numbers,

as can be seen in Figure 7, it was concluded that the decrease
in static stability around M = 2 must have been due to a move-

ment of the location of the genter of pressure of the normal
force closer to the center of gravity. In Figure 10 the center

of pressure X,p is plotted as a function of Mach number. Also,
the location of the reference center of gravity XCO ref. is indi-

cated, FPFrom this the dncrease of the static margin or moment arm
of the static moment (XCP' Xog pef,) can be seen,

16, PFor drawing the dashed portions of the graphs in Figure 10,
results from reference (c¢) were utilized,

Dynamic Stability Coefficient
17, At the Mach numbers and anglea of attack in this investiga-

tion it was found that the dynamic stability coefficients CMq* Cy
.3

had a stabilizing influence on the motion of the re-entry body
models. That the oscillatory motions of the models were damping,
or that they were dynamically stable, could be seen from the
yawing motion plots. Representative plots of the yawing motions
are shown in Figure 4. Because the prototype and model moments
of inertia were not propsrly scaled, this information applies
directly only to the models,

18, The socatter in the dynamic stability coefficients as a
function of Mach number for all five configurationas was found

to be great. Consequently, no individual curves for each config-
uration are plotted, but only a band is indicated within which

fall the dynamic stabllity coefficlents of all five configurations.

This is illustrated in Figure 11,

4
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19, Usually the dynamic stabllity coefficients are defined by

M Me S
Con v Co, q,°L . Mg X

q &:_d. | " 2.(-/- &l 2<
25 eV ea 55 /o eV3Sa

Attention is drawn to the fact that in keeping with the practice
of LMSD the coefficlents in this inveatigation differ from the
above in that they are non-dimensionalized by the divisors
xd and _gd . The magnitudes here reported are thus half as
V' v
large as those non-dimensionalized in the usual way as shown
above.

CONCLUSIONS

20, From results determined by these ballistics range model
firings and standard range data reductiocn techniques, the
following conclusions may be drawn: between Mach numbers two and
six and with turbulent boundary layer {low over the surface of
the modeés the drag goefficien&s do not depend on angle of attack
up to & ¢ of about 140 degrees<; the slcpe of the normal force
coefficient increases as the bluntness ratio of the nose increases;
the static stabllity of the models decreases around Mach number 2
which 1is due to a forward movement of the center of pressure of
the normal force, the dynamic stabllity coefficients have a
stabilizing influence on the dynamic stability of the models.

5
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TABLE I ‘
PHYSICAL SIZE AND PROPERTIES OF MODELS
Round d L m -1 2 X ‘
Configuration Number (In.) (In.) (@Gm.) (Gm.in.<) (C&?L
lels3 2760 . 0.998 3.111 132.74 171.3 1.343
2761  0.999 3.110 191.63 166.9 1.331
2762  0.999 3.109 192.94 169.6 1.329

2751 0.999 3.111 192,74 169.27 1.330
2687 1,000 3.105 193.58 171.47 1.340
2688 ©0.999 3.111 193.88 171,64 1.341
2753 1.000 3.111 193.74 171.63 1,340
2681  0.499 1.547 24.88 4,83 1.259
2694  0.999 3.107 192.69 169.72 1.336
2695 ©.999 3,111 191,98 169.29 1,336

2745 0,499 1,550 24,94 4.92 1,263
2724 0,500 1,547  25.00 4,92 1,256
2834  0.500 1.555 25,19 4,91 1,256
2728 0,499 1.555 31.34 7.30 1.515
2729 0,499 1.549 31,15 7.27 1.511
2730 0.500 1.555 31.25 7.32 1,512
2732 0,500 1,552 31.34 7T.22 1,502
2731 0.499 1.555 31.35 7.17 1,515
2826 C,501 1.552 31.35 7.31 1.500

2692 0.999 3.110 190.97 166,96 1,329
2690 0,999 3,110 192.25 169.11 1,334
2764  0.999 3.109 192.84 168,94 1,336 :
2763 1,000 3.109 192.99 169,55 1,334 §
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TABLE I

Round - d L m I A
Configuration Number (In.) (In.) (Gm.) (Qm.in.a) (CEI‘?)
NlBls3 2683 0.499 1.547 24.93 4.87 1,259
2696 1.000 3,110 193.27 171.45 1.338
2697 0.999 3.110 192.84 168.69 1.330
2698 1.000 3.111 193,16 171,00 1.338
N5Bls3 2756 0.500 1.477 22.83 4.03 1,136
2757 0.500 1.475 22.80 4,02 1,136
2863 0.998 2.958 184,71 129.42 1,201
2864 0.999 2.958 184.74 129.41 1.202
2722 0.500 1,477 22.81  4.03 1.132
2723 C.499 1.477 22.78 4.0 1.140
2765 0.499 1,476 22,78 4.03 1.146
2725 0.499 1,476 22,83 4,03 1.134
2727 0.500 1,477 22.87 4.04 1.132
2842 0.499 1,480 22,84 4,06 1,138
NloBlS3 2855 1,000 3,058 194,65 147.01 1.280
2865 0.999 3,061 194,37 146.80 1,281
2854 C.999 3.059 194,21 146,49 1.279
2837 0.500 1.529 24,29 4,52 1,220
2838 0.500 1,528 24,37 4.54 1,218
2839 0.500 1,529 24,13 4,54 1,218
2758 0.499 1.527 24.15 4,56 1.226
2705 0.500 1,529 24,19 4,56 1,226
2836 0.500 1,530 24,25 4,52 1.220
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TABLE I
PHYSICAL SIZE AND PROPERTIES OF MODELS
Round d L m d X
Configuration Number (In.) (In.) (Gm.) (Gm.in.?) (Cgi?)
NlOBlS3 2737 0.500 1,530 30.55 6.82 1.462
2876 0.500 1.529 30.36 6.70 1,462
2877 0.500 1,529 30.43 6.80 1.464
2744 0.498 1.532 30,26 .66 1,468
2874 0.501 1,518 30.16 6.59 1,457
2875 0.500 1.529 30,30 6.74 1.462
N35133 2847 0.499 1.58C 25,75 5.36 1.329
2713 0.500 1.577 25.72 5.39 1.324
2848 0.499 1.581 25,77 5.38 1.331
2709 0.500 1.577 25.62 5.37 1.336
2710 0.499 1.579 25.73 5.41 1.329
2708 0.50C6 1.574 25,65 5.33 1.324
Nusls3 285¢ 0.999 3.259 217,35 194.36 1.473
2754 0.50C 1,629 27.22 £.16 l.422
2718 0,499 1.631 26,97 6.15 1,431
2717 0.499 1.628 27,12 6.14 1,417
2719 0.500 1.629 26,98 6.14 1.428

g~
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TABLE II
DRAG AND STABILITY COEPFPFRICIENTS OF MODELS
CONFIGURATION N.B.S.
Round Number 2760 2761 2762 2751
M 0.97 0.99 0.80 1,85
Red X 10-6 0.26 0.26 0.12 3.09
P.E. yaw (dCSo) 0.32 0.98 0.19 0.574
P. E. swerve (in.) 0.009 0.011 0.008 0.022
8 2 (deg.?) 8.8 19.4 2.8 3.7
Cp 1,536 1.838 1.132 1,846
P.E. CD 0.003 0.009 0.005 0.001
.01160 -Oal 2 -00124 '0.0 o
Now /deg. 5 500
P.E, CN C.015 0.011 0,043 0,007
o
Cch o
-0,2030 =-C,15 -0.2640 -0,010
"a/deg 35 3
P.E. C"a- 0.0016 G, 0040 0.0C33 0.0007
Cy «0,2170 =0.1660 =0.2735 ~0,0143
& pef,
C
"cxo ref.
xC.P (cal,) 2,600 2.350 3.450 1.532
CM + C’Il 10.9 51.9 87.1 9.7
e &/rad.
5.9 17.2 14,2 4.8

10
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TABLE II

DRAG AND STABILITY COEPFICIENTS OF MODELS

1 . R A

CONFIGURATION }J‘.LJ;BIS.11
Round Number 2687 2688 2753 2681
N 2.10 2.15 2.20 3.65
-6
R‘d x 10 3052 3-75 3073 2.00
P.E. yaw (deg.) 0.19 0.38 0.11 0.38
P.E. swerve (in,) 0.0 0.018 0.013 0.029
S @ (deg.a) 0.5 1.5 3.8 5,2
Cp 1.821 1.774 1,766 1,601
P.E. CD 0,001 0.001 0,001 0.002
o =-0,051 -0,0510 -0,052 -0.041
No /deg. 513 5 525 5
P.E. C 0.004 0,004 0.002 0,008
N
CN:X o
Cy «0.0105 -0,0138 =0,0164 =0.0131
X /deg.
P,E. cHa 0.0007 0.0005 0.0002 0.0002
c =0.0152 -9,018 =0.0211 -0,0134
M ref, 3 3
C =0,01
H"‘o ref., 30
xc P (cal.) 1.545 1,605 1,655 1,580
CH + CH =12,1 -1400 "901 "705
q &/rad.
P.E. Cy + CH& 3.9 2.8 0.5 1.2
|

11
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TABLE I ’
DRAG AND STABILITY COEFFICIENTS OF MOLDE :
CONFIGURATION N,B, S, !
Round Number 2694 2695 2745 2724
M ¢ 3.79 3.80 5.92 5.97
Rey x 10 4.19 4,30 1.68 1.69
P.E. yaw (deg.) 0.18 0.17 1.19 1,04
P.E. swerve (in,) 0.013 0.029 0.011 0.014
& 2 (deg.?) 3.4 11,5 135.8 102.8
CD 1.516 1.530 1,506 1.467
P.E, CD 0.002 0.001 0.001 0,004
C -0,0433 <0,0381 -0.0419 -0.0379
No /deg.,
P.E. CN 0,002 0,002 0,002 0.001 -
&
CNO(O -000301‘ -00m0
-0, -0,0131  -0.026 -0,
"Ot/deg. 0.0120 0.013 0.0269 0.0197
P. E. Cna Q.0002 0.0002 0.0003 0.0002
C -0,0157 =-0.0164  -0,0274 -0, 0202
X ref

CH f '000154 -000150 -0.0WO -0.0&0

re [
Xo p (cal.) 1,630 1.678 1,545 1.525
Cy ¢+ C =7.5 -7.7 -4,2 -2.2
"q "b&/rad.
P.E. Cy + Cy 1.2 0.6 1.7 , 2.0

q &
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DRAG AND STABILITY UQEFFICIENTS OF MODELS

CONFIDENTIAL
NOLTR 61-35

TABLE II

CONFIGURATION NlBJS3

Round Number 2834 2728 2729 2730

M 6.01 3.86 4,12 4,18

«6

Red x 10 1,68 2.23 2.32 2.30

P.E. yaw (deg.) 0.40 0.64 0.40 0.36

P.E., swerve (in.) 0.014 0,016 0.024 0.015
S 2 (deg.?) 61.9 11.0 22,5 18.5

cD 1.465 1,503 1,521 1,502

P.E. CD 0.001 0,002 0,002 0.001
C -0.0 L+O -O‘O 8 -0.0 - .O 6
NC‘/ﬁeg. 3 389 398 0.0365

P.E. CNCIL 0.002 0.0009 0.0009 0.0007
C =0,0291 -0,0380 =0.0380 -0,0350
Nqo

C =-0,0117 =0.0027 -0,0040 =0,0030
r"C"/cies.

F.E, Cch 0.0002 0.,0002 0.0002 0.0002

CH -0,0119 =-0,0130 =0,0143 -0.0123

S ref,

C -0.0'088 -0.0120 -000118 -000108
"o&o ref.,

X, p (cal.) 1.551 1.565 1.560 1.558

C +C "5.2 -uoo "603 -705
HQ "&/rad.

P.E. C, + C 0.8 2.2 0.9 0.8

Hq MEx

13
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DRAG AND STABILITY COEFFICIENTS OF MODELS

CONFIDENTIAL
NOLTR 61-35

TABLE II

CONFIGURATION N:LB:LS3
Round Number 2732 2731 2826 2692
M 5.78 5.83 5.89 2.24
Re, x 1076 1.62 1.63 2,03 2,11
P.B. yaw (deg.) 0.91 0.77 0.88 0.20 .
P.E. swerve (1n.) 0.014 0.015 0.014 0.016
& 2 (deg.?) 44,2 79.9 88.1 4.6
CD 1.444 1.457 1,453 1,720
P.E. CD 0.003 0.002 0.002 0.001
C -0.0332 =0,0366 «0,0381 -0,0539
N /deg.,
P.E. CNQ 0.0005 ©.001 0.0009 0.003
-0,0300 -0,0296 «0.0310
ch& o 30 29 03
-000028 -000063 -0.0068 -0001 7
Mo /deg., ?
P.E. Cna 0.0002 0.0002 0.0CC2 0.0002
=0,0111 =0.0159 -0,0165 -0,0199
Mo per, ' :
o} «0,0092 -0,0088 =-0,0076 -0,0164
“Oco refl,
c + C -409 -307 -200 -409
By My /red.
P.E. C + C 2.2 2.7 1.8 1.3
" 'é‘

14




CONFIDENTIAL
NOLTR 6135

TABLE II
DRAG AND STABILITY COEFFICIENTS OF MODELS

CONFIGURATION N.B.S,
Round Number 2690 2764 2763 2683
M 2.26 2.26 2.28 3.69
-6
Re, x 10 2.08 2.17 2.18 1.05
P.E. yaw (deg.) 0.18 0.15 0.12 0.56
P.E, swerve (in.) 2,015 0.012 0.015 0.022
&2 (deg.?) 0.5 4.1 0.6 49.8
Cp 1.702 1.711 1.696 1.594
P.E. Cp 0.001 0.002 0.002 0,001
-0. -0.0 -0.0454 -G,
ON o Jdeg. 0.0501 0.0558 045 6.0386
P.E. Oy 0.007 0.003 0.008 0,003
-0,034
N o . 0345
C\ -0.0154 =0,0162 =0.0155 -0,0206
P Ea /gdee. 0.000 0.0002  0.000 0.0002
eday CMQ [ 5 . . 3 .
Cy -0.0135 =0,0208 =0.0194 -0,0209
& pef,
CH -00020'0 -000155
S ref.
X, P°(cal,) 1.638 1.620 1.678 1.698
Sy + C -8.5 9.6 -14,0 -5,0
Mo’ My fra, .
P.E. Cy + C 3.5 1.4 2. .8
Mo My

15
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NOLTR ©1-35
TABLE 1II
DRAG AND STABILITY COEFFICIENTS OF MODELS
CONFIGURATION NJBJ_S.i NEB}SR
Round Number 2696 2697 2698 2756
M 4.14 4.22 4,36 1.78
-6
Redx 10 2.35 2.40 2.48 0.51
P.E. yaw (deg.) 0.14 0.10 0.22 0.20
P.E. swerve (in,) 0.014 0.011 0.013 0.014
&2 (deg.?) 11.0 3.8 49,3 0.9
CD 1,492 1,487 1.479 2.024
P.E. CD 0.004 0.0C4 0,004 0.001
C -0,0374 =0,0358 -0,0419 «0.048
N /deg.
P.E. c)‘ot 0.001 0.002 0.0007 0.014
- .0 6 bl ¥ Y *\Ve

CNc( o 0.0365 0.0392 0.0376
C =-0,0110 -0,0096 =0.0157 «0.0159
M deg.
P.E. M 0.0002 0.0002 0.0002 0.0003
CM -0.01“3 -000123 -000194 -000176

X per
Cu =-0,0132 -0.0124 -0.0143

qo ref,
Xo (cal.) 1,611 1.565 1.629 1.469
FH + CH -602 -507 -502 -l6|1

| &/rad.,
P.E. C"‘+ Cl. 1.2 1.4 .8 2.2

16
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TABLE II
DRAG AND STABILITY COEFPPICIENTS OF MODELS
CONFIGURATION NSBLSK .
Round Number 2757 2863 2864 2722
M 1.78 1.98 1.98 3.48
R‘d X 10.6 0051 3-35 3038 1.96
P.B. yaw (deg.) 0.78 0.32 0.37 0.37
P.E. swverve (in.) 0.020 0.015 0.0l2 0.012
2
S (deg.?) 21,0 0.5 2.0 1.4
Cp 2.019  2.007  2.026 1.737
P.E. CD 0.002 0.001 c.001 0.003
N -0.057 -0.062 -0,054 -0.033
X /deg,
P.E. CN 0.004 C.0l2 0.004 0.006
(o8
-000166 -Oool “ '000164 -000126
M /deg 3
M -0,0188 =0,0195 -0,0218 =0,0136
X per,
CH =-0,0135
X, ref,
Cn + Cl -904 -1202 -808 -806
q X /rad,
P.Eo Cu -+ Cn 2.7 4«9 201 202
¢ X

17




DRAG AND STABILITY COEFFICIENTS OF MQDELS

CONPIDENTIAL
NOLTR 61-35

TABLE II

CONFIGURATION NSBJ.S'i

Round Number 2723 2765 2725 2727

M 3.60 3.61 5,60 5.63
-6

R’d x 10 2.01 2.08 1.58 1.89

P.E. yaw (deg.) .40 0.72 0.77 ‘0.34

P.E. awerve (in.) 0,013 0.009 0.012 0.015

3% (deg.?) 2.4 8.0 66.¢ 7.0

Cp 1,756 1.776 1.682 1.657

P.E. CD 0.002 0.003 0.003 C.004

¢ -0.038 -0.037 -C.C28 -0,024

ch/cies.

P.E. CN 0.006 0.003 0.001 0.002
&

CNd o -000377 -000362 -0.0227 '000233

o =-0,0127 -0.0126 -0,0155 -0.0058

M /deg.

P.E. C"o( 0.0002 0.0003 C.0002 0.0002

CM -0,0141 =0,0143 -0,0.16€E -0,0064

X ref.

C -0,0140 «0,0135 -0,C058 ~0.0052

MO‘O ref,

xc p (cal,) 1.470 1,472 1,355 1.322

Cy * CH. 6.4 6.6 oh 4 6.8

q X /rad.
PoEo CH + CM. - lhs 108 lol 1.8

18
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TABLE II

DRAG AND STABILITY COEFFICIENTS OF MODELS

CONFIGURATION NSBISR NlQBlS3
Round Number 2842 2855 2865 2854
M 5.82 1.92 2.00 2.0l
-6
Re, x 10 1.61 3.28 3,34 3.39
P.E. yaw (deg.) 0.31 1,16 0,29 0.37
P.E. swerve (1n.) 0.014 0.035 0.019 0.020
S8 (des-e) 39.6 37.5 1.3 1.6
CD 1,678 1,895 1,864 1,861
P.E. CD 0,001 0.002 0,001 0,002
-0.027 -0.0719 =0,0539 «0,0490
Nc‘/deg.
P.E. CN 0,001 0.0077 0.0066 0.0094
%
C -0,0240
Nox o
M =-0.0099 -0.0222 -0,0136 -0.,0127
X /deg, .
P.E, CMCK 0.0002 0.0009 0.0003 0.0007
Cu -0.0llo -0.0281 '0-0180 ‘0.0166
X pef,
CH -0,0045 =0.0174 =-0,0175 -0,0162
qoret.
Xg p.(call) 1,287 1,590 1.529 1,540
Cn L CH -L‘.a ‘1205 "1107 -10.4
q & /rad.
P.E. C. + C 0.6 3.6 2.2 3.7
Hq Hé‘

19
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TABLE II
DRAG AND STABILITY COEFFICIENTS OF MODELS
s
CONFIGURATION NlOBL N
Round Number 2837 2838 2839 2758
M 3.42 3.86 3.99 5,60
-6

Re, x 10 1.99 2,18 2.24 1,60
P.E. yaw (deg.) 1.13 0.86 1,20 1,36
P.E. swerve (in.) 0.014 0.013 0.013 0.013
&2 (deg.?) 58.7 53.8 70.2 107.4
Cp 1,681 1.638 1,615 1,543
P.E. Cp 0.002 0.002 0.001 0,002
c -0,0450 =0.0428 =0.0442 -0,0401
No‘/des.
P.E. Cy. 0.,0023 0.0021 0.0021 0,0019
Cy «0,0392 «0,0372 =0,0370 -0.0275

X o
Cy -0.,0244 -0,0197 = =0,0223 =0,0239

a/des.
P.E. Cy 0.0003 0,0002 0.0003 0,0003
" ' -0.0255 -0.0206 =0,0232  =0,0250

X pef,
Cy -0,0193 -0,0148 =0.0158 -0,0112

o ref,
Xq P° (cal.) 1.691 1.597 1,626 1.606
CH + Cu '700 -5.8 -5.3 -6.0

q &/rad,
P.E. Cy + C 1.6 1.1 1.5 2.1

Me My

20




CONFIDENTIAL
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TABLE IIX
DRAG AND STABILITY COEFFICIENTS OF MODELS

CONFIGURATION N,BiSa
Round Number 2705 2836 2737 2876
M 5.70 5.92 3.67 3.67
Rey x 1078 1.61 1.65 2.16 2.17
P.E. yaw (deg.) 0.29 0.36 0.60 0.45
P.E. swerve (in.) 0.20 0.011 0.025 0.016
2
&2 (deg.”) 4,3 53.8 17.3 15.3
CD 1.425 1.48¢ 1,580 1,608
P.EO CD Ooool 00002 00002
c -C.0298 -0.0320 ~0.0372 -0.C393
Nx /deg.
P.E. CNAK 0.0C037 0.0010 0.0016 0.0016
¢ -C.0293 -0,0280 =0,0355 -0,0378
N o
C -0, CO54 -0,0113 -0.,0045 -0,0047
Mo‘/deg.
P.E. cMcx 0.C002 ©.00C2 0.0002 0,0002
-0, 0061 «0.0120 -0.0143 «0.0150
Mo rer,
M -0,0060 -0,0004 -0,0125 -0.0132
°<° ref,
XC P (cal.) 1,404 1.533% 1.551 1.548
C + C -3-2 -ulo -600 -603
Mt.'1 MC'>‘/rad.
PoEo CM + CM 107 036 102 102
q &

21




DRAG AND STABILITY COEFFICIENTS OF MODELS

CONFIDENTIAL
NOLTR 61-35

TABLE

I

CONFIGURATION NioB1S~
Round Number 2877 2744 2874 2875
4 3.80 5.61 5.92 5.93
Req X 10'6 2.23 1.59 1.69 1.69
P.E. yaw (deg.) 0.47 0.58 0.85 0.81
P.E. swerve (in.) 0.012 0.01¢C 0.012 ¢.010
& @ (deg.e) 39.4 61.9 60.1 52.8
Sy 1,608 1.534 1,492 1.507
P.E. Cp 0.002 0.003 0,001 0.001
Cy, -0,0399 -C,0321 =0.0321 -0,0328
X Jdeg,
P.E.Cy 0.0C07 0.0005 0. 0005 0,0003
[
Cx =0.0358 =C.Q275 =0.0275 -0.0288
X ¢
M -C.0C73° =C,0C58  =0,0044 -0.0040
X /deg,
P.E. CM:x 0,0002 ¢.0002 0.0002 C.CC02
G -0,0179 -0.Cil44 =0.0l26 -0.0126
M ref,
Cy -0,0135 =0.0110 =0.0095 -0,0101
X ref.,
xc o (cal.) 1.576 1.599 1,544 1.550
\.IM + C -4'6 '207 -207 -209
q X /rad,
P.E. Cy + C c.6 1.9 1.9 1.5
My M,

o p——— . s -
P
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NOLTR 61=35
L TABLE II
DRAG AND STABILITY COEFFICIENTS OF MODELS
CONFIGURATION NEBJSZ
Round Number 2847 2713 2848
M 3.91 3.64 4,12
Re, x 10 2.23 2.11 2.34
-z~ - - - :-ﬁ:i’—r:—ic—r_—ﬁgiiif = :h—»—-—'%:—:?'?’-:»—&—' ~ :,:.——:,3!;* ::‘.:‘-,7;3’:7:
P.E. swerve (in.) 0.010 0.014 0.010
2
8 € (deg.?) 13.7 7.4 5.7
CD 1,433 1,410 1,411 1.298
P.E. CD 0.001 0.001 0.001 0.002
C -0,0408 -0.0471 -0.0368 -0.0339
N /deg.
o P.E. Cch 0,002 0.005 0.003 0.002
CN o =-0,0393 -0,0464 -0,0360 =0.0326
)
/deg.
P.E. CMCx 0.0002 0.,0002 0.0002 00,0002
CM -030119 -000127 -000101 -000066
X per,
CM =-0.0104 -0.0118 -0,0096 -0,0058
°‘o ref.
Xo.p. (cal,) 1.564 1,553 1.566 1,477
CH + CM -7-2 -703 -1008 -1600
Q & /rad.
¢ P.EC CM + CH 102 lou 106 1.4
q &

¢ 23
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NOLTR 61-35
TABLE II
DRAG AND STABILITY COEFFICIENTS OF MODELS
CONFIGURATION NjBiS.{ N BJ_SL
Round Numper 2710 2708 2850 2754
M 5.75 6.07 2.03 2.83
-6
Red x 10 1,63 1.73 3.49 1.59
P.E. yaw (deg.) Q.44 0.28 0.25 0.19
P.E. swerve (in.) 0.019 0.017 0,010 0.017
2

&2 (deg.”) 14,2 13.5 2.4 2.3
cD 1.318 1,304 1.613 1,442
CN =0.0325 -0,0323 -0.060 -0.050

oo édeg.
P.E. N 0.002 0.009 0.002 0.007
cN =0.0315 =0,0313

X o
CM -0.0056 -0, 0044 -0,0068 =0.0124

& deg.
P.E, !”a 0.0002 0.0002 0.0002 0.0002
CM -0,0063 -0.0052 -0.0110 -0.0136

X ref. 046
Cp -0,0055 =0.0

a'o ref.,
X p. (call) 1,474 1.446 1.590 1,666
CM + CH -800 -602 '1008 -1106

q & /rad,
P.EO CH + C". 107 lcl 109 1.7

q

24
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TABLE II
DRAG AND STABILITY COEFFICIENTS OF MODELS
CONFIGURATION N,B; Sy
Round Number 2718 2717 2719
M 5.72 5,81 6.12
-6
Rey x 10 1.64 1.66 1.75
P.E. yaw (deg.) 0.23 0.25 0.47
P.E. swerve (in.) 0.012 0.013 0.016
&2 (deg.e) 26,1 5.6 56.0
Cp 1.205 1.229 1.203
P.E. CD ©.002 0.002 0.004
N =-C,0373 =-0,034 -0,0391
X Jdeg.,
P.E. C 0.,0005% 0.001 0.0007
New
CN -0003“5 -000335 -000335
&
)
C «0.0054 =0.0024 «0.0094
M /deg.
P.E. CM ¢.0002 0.0002 0.,0002
x
" -0,0064  -0,0030  =0.0105
A pef, ¢ .
C -0,002 -0.002 -0.0030
"oko ref.,
CM + CM. -402 -303 —ucl
q > /rad,
P.E. CM + CM. 0.6 1.6 1.0
q x

25




A Al LR LA

CONFIDENTIAL
NOLTR 61-35

_uXCe.
21,249
REE r- =

| ' T CONFIGURATI
1,000 ) 484 g ON N, B Sy
/r s0.5

L ;

== 3.10

CONFIGURATION Ny B, S,

' 4
!-.' /r 20.2
.noo—-{ l— 2. 093 767

‘-—2960

|"a'e9r° Lf)ls:f

) T

: s 4 104
200 ogs—-?s?)-a-

. ~—— 3,060 —=

484 CONFIGURATION N, B, S,

A ! Y o6
300 —o b z.oss-—l.nr"
3.160
T 1 i

1000 s Lasa CONFIGURATION N4 B, S3

s 'l 2«08
AQO—{ (= 2,093 —{,767

F—— 3.260 ALL DIMENSIONS IN BODY
DIAMETERS - CALIBERS.

FIG.I CONFIGURATIONS OF MODELS

CONFIDENTIAL




CONFIDENTIAL
NOLTR 8i—38

13004 H31TATIA AT HONE GO il & 914

CONFIDENTIAL



CONFIDENTIAL
NOLTR 6|—35

CONFIDENTIAL

FIG. 3 NOL PRESSURIZED BALLISTICS RANGE




CONFIDENTIAL
NOLTR 6i-38

a,, RADIANS

g iy e

e

1 1
-0.06 -0.04 =002

17 ~ =0.04

o0

3 - —=0.08

FIG. 4A YAWING MOTION OF MODELS

CONFIDENTIAL

y

RAD

LU TR




CONFIDENTIAL
NOLTR 61-35

a, RADIANS
0.06

FIG. 4B

-0.04 — OA”R

-0.06 -

YAWING MOTION OF MODELS

CONFIDENTIAL

i
Hi
4
i




CONFIDENTIAL
NOLTR 6|=38

e, RADIANS |
~0.04

3
% J
9 0.04 RA
_J?J ay, 0.
6
o P
5
L -0.04

FIG. 4C YAWING MOTION OF MODELS

CONFIDENTIAL .

L AR s AR ma O ek raed

. M i ok A <+ o



it = ————————— T W A" " e g WP et

P pre pas imT. -

L 4 P | 8 P 3 €4

o p——ran

Y

CONFIDENTIAL
NOLTR 61-35

2.2
. ..ﬁ— ,.-E - .
q
<¢
o
1.8
Co
.6
D
1.4
|2
|
!
|
|
|
08 1 1 L ] 3 )l l
1.0 20 3.0 4.0 5.0 8.0 7.0

MACH NUMBER

FIG.§ Cp VERSUS MACH NUMBER

CONFIDENTIAL




2.0

CONFIDENTIAL

NOLTR 81-35
b
[
r.. M=2
- d

O M2 4
B M:6
- S L 1
o] 0.2 0.4 0.6 0.8
B

FIG.6 Co VERSUS NOSE BLUNTNESS RATIO 4/r

CONF'DENTIAL




n ru‘rl Ewanr

R R P

R L TN Tp m—

O N ST

CONFIDENTIAL
NOLTR 61-3%
~-0.06
-0.0%
CNao
-0.04 -
| i
-0.03
-0.02 A 1 1 1 |
10 2.0 3.0 4.0 50 60
MACH NUMBER
SOLD POINTS NOT COCRRECTED TO ZERO YAW
FIG.7A C~Q° VERSUS MACH NUMBER
|
al
;‘\
CONFIDENTIAL
i
i



P h P e ——— Lk xlE [ 2" { RN U SR DO SR pr ey Ta

CONFIDENTIAL
NOLTR 61-38%

T

=006
Ng B) Sy

i
o
O
o
T

]
o
o
ry

T

-0.03

-0.02 1 | | L
1.0 20 3.0 4.0 50 6.0

MACH NUMBER

SOLID POINTS NOT CORRECTED TO ZERO YAW
FIG.78 Cuao VERSUS MACH NUMBER

CONFIDENTIAL




PO I I

(o,

s & » nittia . REE R 2 T T

PO SR

CONFIDENTIAL 2
NOLTR 61~38
-0.08
v
-007 b
-0.06 r Ni0B)S3
C~Q°
-0.05 = v
‘ A
-004 + o
-003 P |
|
-0.02 1 1 | e
1.0 2.0 30 40 5.0 60

MACH NUMBER
SOLID POINTS NOT CORRECTED TO ZERO YAW
FiG. 7C CNQ°VERSU5 MACH NUMBER

i

CONFIDENTIAL




CONFIDENTIAL

NOLTR 61-38

L]

-0.086
N3B, S3
-Q.05
cNa° a
-004 A ’
A
-0.03 r
002 1 ] L 1 |
1.0 2.0 30 4.0 5.0 6.0

MACH NUMBER

FIG. 70 CNao VERSUS MACH NUMBER

CONFIDENTIAL



e 1 ———y

- — -

CONFIDENTIAL
NOLTR 81-35

-0.06

-005

-004

-003

-0.02I

T

T

[ ] Ng B S3

i 1 1 1 1

.0

2.0 30 4.0 8.0 6.0

MACH NUMBER
SOLID POINTS NOT CORRECTED TO ZERO YAW
FIG.TE CNQ° VERSUS MACH NUMBER

CONFIDENTIAL




R

-0.06

-0.03

-0.02

CONFIDENTIAL

NOLTR 61-35
i M=2
Mz4
M=6
1 1 1 1
0 0.2 0.4 g 0.6 0.8 10
r

FIG.8 C~a;JERSUS NOSE BLUNTNESS RATIO &/r

CONFIDENTIAL




AT L R L]

R el

P L]

c"ao REF U '
-0.0l
v

CONFIDENTIAL
NOLTR 61-35

§ et et e e & I = 5 o e

il s

002 F “\\ N\ B, Sy
o} \\
Maq REF, [ (;@ o
(@)
-0.01
e
1.® 2.0 3.0 4.0 8.0 60
AREN
\ .
.002 - AN NsB S3
c \\
MQQ REF. K
-0.01 - |
I \%~‘
o‘oo l 1 1 1 L J
1.0 2.0 3.0 40 5.0 6.0
0.02 N NicB,S
-0, / ~ 1I0¥193

T

0‘0'0 1 " ] 1
1.0 2.0 30 4.0 5.0 6.0

MACH NUMBER

SOLID POINTS NOT CORRECTED TO ZERO YAW
FiG.9A C"‘a VERSUS MACH NUMBER
°

REF,

CONFIDENTIAL

D o S - S atas




O —

CONFIDENTIAL

NOLTR 61-38
-0.02
FERS . _— > - . . B B s ‘&— Lé-—-s.- - - -‘1‘-:‘,
Chag mer, s
-0.0]
ooo | | 1 1 1
1.0 2.0 30 40 5.0 6.0
-002
20
A N, B, S
C | 3
Ma, REF, / .‘\ T
0.0l F S
\\
\\\‘
TS~ -0
O.oo 1 1 1 L 1
1.0 2.0 30 4.0 5.0 6.0

MACH NUMBER
SOLID POINTS NOT CORRECTED TO ZERO YAW

FIG.98 CM%REFVERSUS MACH NUMBER

CONFIDENTIAL




i e aibe IR LR LI

CONFIDENTIAL
NOLTR 6/— 3§

20

1.9
X¢G. REF.

Q
®
\
I
I
f

Xe 6. REF —
10 F :
O.S - S 1 L 1 J
1.0 20 30 40 50 6.0
20
(. .4 va VVQ .
Xe 6. REF i
10~
o 5 [ | —_l 1 1 1
1.0 20 30 4.0 50 6.0
20
15k B4 Ll
X¢6. REF
10k
[l A1 L It L
035 2.0 30 4.0 5.0 6.0
2.0
— =G~
|.5 a - - — em e e -
Xc 6. REF jr=E=2
1.0
5 1 A 1 1 1
1O 20 30 40 50 6.0

MACH NUMBER
FIG. 10 XcpVERSUS MACH NUMBER

Xcp AND Xc.g rer IN CALIBERS FROM TIP OF NOSE

CONFIDENTIAL

NyB, Sy

NgB, S3

A AT e AL M .




CONFIDENTIAL
NOLTR 61-3%
-18.0
5 -10.0F
b
Q ’
+
4
P
© -sof .
L 1 Il |
1.0 20 3.0 4.0 3.0 €0

MACH NUMBER

FIG. Il Cmq * Cug VERSUS MACH NUMBER

CONFIDENTIAL



IR ES T i gt S »
. -y

e
. - TR s e IR

- s o UNOJ SIGM SIUGTOTJ
_ Prrsrvenis oq o1 pmoy osum svmiots | gro0ns w1 a0n |00 TS IASLY o0 AEVEEL)
“0T°0026 ¥IA QOd | —3900 AITTIQ¥3s Oymeuig <93} PUS dm) f1adq “SUVIX ZT HALAY | “emu qoey uosmysq poAIOSqo wem $10pow jo &3
“QUVIL 21 MZLAY aw QOT) Usam3oq PYAISEQC SEA sTSpow Jo £ — AILAISSVIOM | _yryqe3s 0F3¥3s U] GXMXEm § - [9pow jO I80U
_ GZILISSVIXH | ~f1yqe3s Ofj3wls U] GOWixem §y ~[Ipow jo Igou ISTVAMILNT HYIX | oqq 1e3tmrq oq3 Joy(wme 81 3UeTo13J900 90d0)
$STYANLINT NVIL | oqy 2e3mmyq 9} IO TSEE ST USTO[IJ0D daz0g £ IV a20VHORA0a Temrou Jo sdoys jeqy puncl sem 3] °jue|
£ IV 030vHONROa pemzou jo odo(s 3wqy; punoj sem [ haymh; — . —0QN} SWA §[PPOW JO @0WJINS Ioa0 MO[j JaKE]
— Te33u0piJuco | -DQIM] FEA I [IPOW JO IOWJINE IM0 MO} 1 81 preo 310wx3sqy | Arepunog -XIf pu Om] UPAMISq SIIQEWNU JUEK
sy preo jowIjsqy | AXspenog  cX(S PUS Om] U2amlaq slaqunid qoun 1% pejoupuco svm uojjeijisaaul -osou Y3 jo
$% pejoupuco sem Uoljsysaau] -Isou Ayy jo o0fosd AT ssouITRTq 9Y3 sea SUOTIRF}JUCD J0) 930w
_ 109f0xd ‘AT sssujumn(q 2Y} SEA SUOIILINI[JUOO J0J Iojam soraes -TiT —ased GIQVTISA - pOUTEIOIEP SI0m SUOLIRM
sojieg “IIT —eXed O[qwlJEA ~PIUTAIONINP OI3m suOTIwIn - spoiz —Byjuoo Apoq A13us—od SISO SAT} Jo S[opom
°f spandiz ~P1yu00 Apoq AIjUa—0a siIe[od SAT Jo STopom — csuTesWRAR] I JO sorjsja0jourego L3F[Tqe3s pue Heaxq
_ 4guYy0qsUIAFT “TT Jo sorysyrojoeteyo A3([1qwis pue Jexg o3l T TVLINGEI LIM0O
IR I TVLLEAILIN0O ] odox o8 £37TTq93S “GEE~ION 7L (2y 3dodex qoasas
A3grrqeas “CECION vl ANW M  Jow — soriEstN b —ox soT1ey(I%d) -eFuIp ‘wo1qe} ‘SIINYO
_ R T8I SOTINLITNE) S INTR EOTaTY reeany priees <-on(ry *-dg -T961 Buy {1 -suleisusas]
Feag <-emrry ¢dg 967 “Buy Il -sujejsmossy — sortesIM ‘¢ °r spmItz £q “(N) SHOIIVHNOLINOD STHVWIOd
— so[IESIN € ¢ spadyz £q “(N) SHOLIVNAOLANOO STHVIOL _ ol AATE IO STMION 10 XLTIIIVES (N oWy 40
Lryua—oy JALL L0 STAAON L0 LTITAYLS THY I7 40 - wortssim -z | NOLLVNDWMLLIG MO SONIMLA G0NV SOLLSITIV
~- sa1ysei -2 | MOLLVNDWALIa wmm %ﬁwﬂwwm”ﬁ s1.Te104 Amm..ﬁmuwaoaﬁ Te01uY003 Ao.sa
T - M . - ¢ B . X eouw
—- - .Ma.uﬁn 1 *P XS0 23TWN ‘Ar0jwIoqu] eouSTpI( Teawy | - Bnesm 1 PR SXR0 331 yeroqwl PI0 Tea™N
- - — - L] o XM 931870
. -BUTETTIqEIs 37 O PUROJ 0IAm $IUOTOYS _ -ot-0026 410 @04 | _;000 »ﬂﬂmwﬁowﬁ.ﬂu&a gt Smrntid g 4 24
— 01°002S HId 40T | —ze00 A3T[TQ¥IS OyDRULq -93°G3 puw Oa3 8197 “SHYIL 21 HIld4v —-anu YoS) UIAMIIq PIAIOSqO s sTapow Jo L3
"SHVIK 21 HildV | _snu qosy U0am30Q PIAIesSqO J2a §12pow Jo L3 _ CALAISSYIOET ¢a- N aeas 8y nmyres v -[opon 5o esou
QILLISSVIOET | -j1yqe3e Ojjwis U] Cumpyem y ~[Ipom Jo Isou  SIVANLLNT NVIK M«:Wbun: o7 Te[Ceaw | JUOTO1]F900 8OL0Z
I STVAHLINT HVIK | gq3 asguniq o33 IO ST 3Q2[0[JJI00 @aI0] v a oa q3 Jajmmiq . AL S
| corommonen | e’ e e s N T |2 | e fr e B s
esespizace | -muamy rea flopom jo svvsme save sals ket || reysemrisace | -avms v tioon go soerme sews s
s} paso josaysqy | Axspenog -Xxis pus on) Udamyoq J.—vaﬁbw nudu ¥ ¥ I 3% pe3oupuoc sum uojjeFjIseAul  -9s0u PGP FO
B D T on 405 o wa _ 300f0ad Al ssouUIMq 94} S¥m SUCTITANI[JUCO J0f JOI0Em
109f0xd Al | sew3UN(q 243 Svm sUOIRAIYJU0O 0 103 sopIog -IIT —sxed O{QEII¥) PIUTMIVIOP Ol STOTIEIN
sopres “IIL | _ ~wded STqRIIRA  -BIYTIOIOR Ao Nl -r spdiZ -B1juoo Apoq AI3us—oa sireTod sajj jo sepom
‘L epandyz Frywoo Lpoq L kit g S h.Bvoa seuTIsUBAPT - TIT 30 soTysTIor0vIego A3T[TQUs pue Fexg
_ csujeysWoAST TIT Jo soy3sTwiovreqo A3[1(qwis puw _ o3IL I TYLLEH LANOO
SR °I TYLLTATLINO . £ “GEE~I0N X8eL  ° (2y 3i0des qoavas
L3t1T9938 . See~100 xmaa ANw uuo...—cu.manv“ - wwmnwm v —oa s013811TYd) .§«—m ‘soTqe) *syawyo
_ TN It sayo s0a0T Pexg seourry ¢-d9 1961 ‘PMY [1 ‘sujeisusss]
Bexg pion 44 TRt T Ll S S o —sorgsemn cg|  r spmIz 43 ¢(n) SOLIVEOLINGG STHVIOd
-sorsesgy cg| L epmdRz Aq ¢ (n) SO A oy o _ Axyua—oy IALI 4O STEION 4O ALTIIAVIS UMV VI 4O
_ Axyue-ay 3ALI JO STHION JO LLTTIHVLS LLSITIVE — soryesIN -2 | MOLLVNDOIZING HOd SOMMMIL FONVY SOLLSITIVE
T Selignin cz | oL MMMIW%W“&%aMO&M T0R) syreyod {s€-19 3sodox Teoyugoes IoM)
- L]
_' - .MM.«’QMA«-M -1 *P ‘Y90 SIT M ¢ L103wI0qW] @JUNTPI]) [RASH — - SOTI"eIN -1 PN ‘Xe( 2119 ‘LIojwroqw] eoﬂaﬂzm.ladbhll )

ot e o AACHEE TN



CONFIDENTIAL
NOLTR 61-3%

External Distributien List

No. of

Director, Special Projects
Departaent of the Navy
Washington 2%, D. C.

e Attnt SP-272

Commander, U. S, Naval Ordnance Test Statlio-
China Lake, California
1 Attn: Technical Library

Director, Aberdeen Proving Ground
Aberdeen, Maryland
Attn: Technlical Information Branch
Attn: Ballistics Research Laboratory

ASTIA

Document Service Center

Arlington hall Station
10 Arlington 12, Virginia

— P

Commander, AEDC
Tullahoma, Tennessee
! 1 Attnt Technical Library

NASA

Ames Research Center

Moffett Fleld, California
i Attn: Librarian

NASA
Langley Research Center
Langley Field
Hampton, Virginia
1 Attnt Librarian

NASA
1912 H Street, N, W,
1 Washington 2%, D. C.

Bureau of Naval Weapons Representative
(Speclal Projects Office)
P. O, Box %04
Sunnyvale, California
1 Attn: SplL-3l4

Lockheed Missiles and Space Division
P. O. Box %04
Sunnyvale, California

Attn: Mr, A. W, Meijer

Attn: Mrs. J. Vaughn

Attn: Mr. J. Howes
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